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(54) CURRENT VOLTAGE CONVERTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a current 
voltage converter with high performance employing an 
operational amplifier needing a high conversion 
resistance of a MOS transistor(TR) resistor that 
suppresses dispersion in the gain, facilitates gain 
switching and attains a desired temperature 
characteristic. 

SOLUTION: The current voltage converter is provided 
with an operational amplifier 52 and a CMOS TR 53, a 
dram terminal of the CMOS TR 53 is connected to an 
inverting Input terminal of the operational amplifier 52 
and the source terminal is connected to an output 
terminal of the operational amplifier 52. A dispersion 
correction device 55 controls the gate terminal 54 of the 
CMOS TR 53. 
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CLAIMS 
[Olaim(s)] 

[Claim 1] The current potential converter equipped with the MOS transistor connected with the 
inversed amplifier between the inversed input terminal of this in versed amplifier, and the output 
terminal, and the dispersion compensator which is connected to the gate terminal of this MOS 
transistor, and amends dispersion in the resistive characteristic of said MOS transistor, 
[Claim 2] The current potential transducer characterized by forming the dispersion compensator 
which amends dispersion in the resistive characteristic of said MOS transistor by having: a 
detection means to have an inversed amplifier and an MOS transistor, to connect the drain 
ermi I A tt o to the inversed input terminal of said invsrsed amplifier, and for 

the source terminal of said MOS transistor to be connected to the output terminal of said 
Inversed amplifier, and to he a current potential transducer and to detect dispersion in the 
resistive characteristic of said MOS transistor, and controlling the gate terminal of said MOS 
transistor. 

I .(To m 3| it is the current, potential converter according to claim 2 which a detection means has 
the current source connected to the MOS transistor, the isomorphism-like MOS transistor, and 
this which were connected to the inversed amplifier, and controls each gate of an MOS 
transistor where the dispersion compensator was connected to said MOS transistor and said 
invsrsed amplifier so that both potentials might become the same about the potential of the 
node of said MOS transistor and said current source as compared with a reference potential. 
[Claim 4] A detection means is a current potential converter according to claim 2 or 3 which has 
<! nt ; , <. ip A>m-r ;hanges a reference potential. 

> -v rence $ upp y tential co \ e ter according to claim 4 whose 

temperate; e characteristic Is adjustable. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to current potential transducers, such as a current 
potential transducer for location detection used for the automatic controller which keeps 
constant the relative physical relationship of the optical pickup equipment to an optical disk, a 
current potential transducer for playback of the data recorded on the optical disk, and a current 
potential transducer [ various fun ; ossion j. 

[0002] 

r e Prior t an optical dlsi o signal for pert hot 

control of an optical pick Is generated using the current potential transducer which changes into 
a voltage output the output current of the photo detector which changes into a current output 
the feeble reflected light obtained by irradiating a laser beam at an optical disk, and a photo 
detector, or the data signal written in the disk is reproduced. 

[0003] it / sap oto defector and. as for the operational amplifier as an Inyersed 

amplifier, and 3, 2 shows the current potential converts* fo 

input terminal and 8 are current potential converter output terminals, and are used from the 
former for reference voltage and 5, as for resistance and 4. 

[0004] As for the output current of a photo detector [ as opposed to / as opposed to / in 21 / 
the reflected light from an optical disk / it in 22 ], and 23 - < output \ .oge of a 

current potential converter and 24 are reference voltages. 

[0005] In an optical disk, the reflected light Is used as mentioned above, and in order to perform 
various processings, such as data playback written in the position control and the optical disk of 
an optical pick, it is usually necessary to suppress dispersion in the transfer characteristic of a 
current potential converter to **t0% or less. Although the diffused resistor with little absolute 
value dispersion has been conventionally used in the IC-ized current potential transducer, the 
reflected light becomes very small with high-capaeifymzing of an optical disk in recent years, and 
in order to take a required voltage swing, the need of enlarging conversion resistance as 
compared with the former is increasing^ In the case of a diffused resistor; parasitism capacity 
value became unreasonably large because the area to occupy becomes large, and when 
especially resistance is relatively large, the technical problem that the frequency characteristics 
of a current potential transducer fall, or a chip size increases has occurred. 
[0008] On the other hand, if gate voltage is fixed when the transistor of an MOS process is used 
in a non-saturation region Since It is known that it can use as a resistor with a fixed inclination 
and the resistance can determine a drain-source electrical potential difference by the ratio of 
channel width W of an MOS transistor, and channel length L to the drain-source current. When 
especially resistance is large. It is not necessary to enlarge a chip size irrationally by enlarging W 
relatively to I etc, and in order not to make the area occupied for a chip to a diffused resistor 
increase, there is a merit that parasitism capacity value does not become unreasonably large. 
[0007] Although there is already a current potential transducer which utilized the MOS transistor 
as a resistor taking advantage of the merit of such a property side, it is known to the diffused 
resistor formed considering using as a resistor the resistance generally shown In the non- 
saturation region of an MOS transistor as a premise that the dispersion range is large. For this 
reason, in a system like an optical disk, the current potential converter o; . 3 I wh ch jsed 

us as 3S used fro t 3 r> _ 

- * - • - optical d of various classes is developed and the optical disk Is 

< a cc-d it "s km> 1 3 x". np <- to CD ?s al in 0D--RW that 

about I /of the amounts of reflected lights will be set to 4. Moreover, it is known that two-layer 
record is carried out in DVD for iarge-capacity-izing, and the amounts of reflected lights from 
each class differ. Furthermore, short wavelengthHzation of a laser beam progresses for iarge- 
capacity-lzing, the ED of red laser to purple or blue laser and fertilization are progressing, and it 
is known that the photo-electric-conversion sensibility of the photo detector to laser 
wavelength will also change In it depending on the wavelength of light. In the system of en optica! 
disk, current potential conversion of the amount of reflected lights from an optical disk Is carried 
out by using a current potential amplifier using the photo electric conversion of a photo detector, 



and the playback of data and the extract of a servo signal which were written in the optica! disk 
by the output voltage of a current potential transducer are performed. In order to maintain 
especially the reading capacity of data, S/N is important, and in order to change into a fixed 
voltage signal: from the reflected light of various optical disks, generally it is necessary to 
- cu re vt petentsa* tnans*er crajai.te<^t!0 
°a< " " the required current potential transducer with the selecting switch 
(SW) 37,137, and it was used, or the current potential trans t. a ' < > ^ * 

one current 

potential transducer 42 with a specific current potential property has been arranged, the 
amplifier 43 and 44 with which gain characteristics differ in a serial at it has been arranged to 
juxtaposition, and the configuration of choosing the required amplifier 43 and 44 was taken. 31 
and 41 ~~ for resistance and 34,134, as for a current potential transducer Input terminal and 
36,138, a current potential transducer output terminal, and 45 and 48 are [ a photo detector and 
32,132 / an operational amplifier and 33,133 / reference voltage and 35,135 1 selecting switches 
(SW), 

[001 Oj Furthermore, also in a recordable optical disk, the current potential converter shown in 
os awing ! s i ->en f\t k oi i ii- n.kitd ^ > - , j. u m- ? ^a c t pert ms position 
control of the laser to the Records Department of a recordable optical disk It has the technical 

ata of the true- % > i 

will change at. the time of record if high power laser is required, and the temperature 
characteristic is in a current potential transducer, since it is generation of heat of a device. In 
order to cope with performing temperature compensation at any time at the time of record 
actuation etc. generally, Increase of a system scale is caused, or it has been a technical problem 
to improvement in a recording rate. 
[0011] 

[Probiem(s) to be Solved by the Invention] However, it has the trouble that will not cause 
increase of a chip size if resistance Is large when IC-izing, or it is not satisfied with the circuitry 
of corvc " g 1 of desired frequency characteristics with the parasitic capacitance of 

resistance. 

[001 2] Moreover, a current potential converter multistage as shown in drawing .,6 is arranged to 
juxtaposition, and only the required number of stages has the fault that an element number 
increases, with the configuration which chooses a required current potential converter. 
Furthermore, as shown in drawing 7 , one current potential converter 42 with a specific current 
potential property is arranged, the amplifier 43 and 44 with which gain characteristics differ In a 
serial at it is arranged to juxtaposition, and in the configuration of choosing a required 
magnification value, noise figure gets worse and has the fault that in addition an element number 
increases, 

[00 1 3] Furthermore, it has the technical problem that improvement In increase of a system scale 
and a recording rate Is not made to generally coping with performing temperature compensation 
at any time at the time of record actuation since an error will occur in the position control of 
laser at the time of record if the temperature characteristic Is in a current-potential transducer, 
since high power laser is required although position control of the laser to the Records 
Department of the optical disk which can record the output of a current potential transducer is 
performed as described above, and it Is generation of heat of a device etc. 

- 1 ' of the < jrre t ote lal tra sfe hsracte stlc p ssible 1 > the 

purpose of this Invention, without not increasing a chip size, being ebie to make regulation 
capacity of resistance small, and increasing an element number, and It is offering the current 
potential converter in which temperature compensation's is possible moreover. 
[0015] 

[Means for Solving the Problem] A current potential converter according to claim 1 is equipped 
with the MOS transisto - i e wersed h ut 

terminal of this inyersed amplifier, and the output terminal, and the dispersion compensator 
which is connected to the gate terminal of this MOS transistor, and amends dispersion in the 
resistive characteristic of said MOS transistor. 



[0016] According to the current potential transducer according to ciaim 1. a chip size is not 
increased as compared with the conventional example, but regulation capacity of resistance can 
be rnade small and, moreover, a dispersion compensator can amend dispersion in the resistive 
characteristic of an MOS transistor, 

10017} A current potential transducer according to claim 2 is characterized by forming the 
dispersion compensator which amends dispersion in the resistive characteristic of said MOS 
transistor by having a detection means to have an inversed amplifier and an MOS transistor, to 
connect the drain terminal of said MOS transistor to the inversed input terminal of said inversed 
amplifier, and for the source terminal of said MOS transistor to be connected to the output 
terminal of said inversed amplifier, and to be a current potential transducer and to detect 
dispersion In the resistive characteristic of said MOS transistor, and controlling the gate terminal 
of said MOS transistor. 

[0018] In order to change the signal current into an electrical potential difference according to 
the current potential converter according to claim 2, For example, it constitutes from a negative 
feedback circuit using the MOS transistor as a resistor as an inversed amplifier using an 
operational amplifier. A means to detect dispersion in the resistance of an MOS transistor in 
order to press down dispersion in the current potential transfer characteristic, and its dispersion 
are detected. The dispersion width of face of an MOS transistor can be controlled by returning 
the amplified error signal to the gate of an MOS transistor on an electrical potential difference, 
and dispersion in the current potential transfer characteristic of a current cmO converter 
can be controlled. For this reason, in a required current potential transducer, a chip size is not 
increased and high conversion resistance can also make parasitic capacitance of a resistor small 
as compared with the usual diffused resistor. 

[0019] A current potential transducer according to claim 3 has the current source connected to 
the MOS transistor, the isomorphism-like MOS transistor, and this by which the detection means 
was connected to the mversed amplifier in claim 2, and a dispersion compensator controls each 
gate: of the MOS transistor connected to said MOS transistor and said inversed amplifier so thai., 
both potentials might become the same about the potential of the node of said MOS transistor 
and said current source as compared with a reference potential. 

[0020] According to the current potential converter according to claim 3, there is the same 
effectiveness as claim 2. 

[0021] A current potential converter according to claim 4 has the adjustable reference supply 

from which a detection means changes a reference potential in claim 2 or claim 3. 

[0022] According to the current, potential transducer according to claim 4. it Is possible for the 

resistance of an MOS transistor to be easily changed by changing reference level In a means to 

detect dispersion in the resistance of an MOS transistor besides the same effectiveness as 

claim 2. The change of reference level can realize a current potential converter machine with the 

change of the highly precise and highly efficient current potential transfer characteristic by being 

comparatively easy and changing a reference supply by enabling the multiple-value change of the 

current potential transfer characteristic, and muitipte-vaiue-izing a change. 

[0023] In claim 4, the reference supply of a current potential converter according to claim 5 is 

adjustable about the temperature characteristic. 

[0024] While changing the resistance of an MOS transistor by changing the reference level which 
can be sot as the temperature characteristic of arbitration in a means to detect dispersion in the 
resistance of an MOS transistor besides the same effectiveness as claim 4 according to the 
™ p 3t ! sdi ce ccordlng to ciaim 5, the temperature i I « < > so it 

potential transfer characteristic is controllable. The change of reference level is comparatively 
easy and the current potential transfer characteristic can be changed by muitipie~value~izing a 
change. 

-a aand gap c eference level wh 1 < s 

as the temperature characteristic of arbitration is also used in IC-ized circuit Is used, it can 
realise comparatively easily. 
[0028] 

[Embodiment of the Invention] The gestalt of operation of the 1st of this invention Is explained 



referring to drawing Drav ng _ is. a cut ent ootentia converter sir f of the 1st 

operation. The operational amplifier whose 51 is a photo detector and whose 52 is an inverses 
amplifier in drawing 1 , and 53 are CMOS. For the gate, the MOS transistor for [ 55 ] the 
comparison for dispersion amendment in a dispersion compensator and 56, and 57. as for the 
criteria resistance for. dispersion amendment, and 59, a current source and 58 are [ MOS 
transistors, such as a transistor, and 54 / a current source and 151 ] the reference voltages of 
an op* i 52 A detec on means is cor i S or 56, ; 

- > i ' 7 - < snt source 59 

[0027] Thus, about the constituted current potential converter, the actuation is explained below, 
referring to drawing 1 as a gestaft of operation. 

[0028] Fundamentally, although It is an operational amplifier 52 and the current potential 
transducer of the negai ' . moid which used MOS transistor 53, a technical problem is 

in dispersion in the resistance of MOS transistor 53 used In a non-saturation region. This 
nvention comp£ ' current value current source 

57 to MOS transistor 56 of the same configuration as MOS transistor 53 for the dispersion 
amendment with the potential 153 generated by passing a current source 59 to the criteria 
resistance 58, controls the resistive characteristic of MOS transistor 56 by controlling the gate 
voltage of MOS transistor 58 by the output of the dispersion compensator 55, and it operates so 
that potential 1 52 and potential 1 53 may become equal If the current value of current sources 
57 and 53 is equal, since the resistive characteristic of MOS transistor 56 and the resistive 
is ^ i u , } , , ~ t^e °e mi 

i will turn Into the same Value as MOS transistor 56 If the configuration of 
MOS transistor 53 is designed identically to MOS transistor 58, If the same value as the criteria 
resistance 58 can be taken, for example, discrete part with little dispersion is used for the 
criteria resistance 58, dispersion In the transfer characteristic of a current potential converter 
can be reduced with the dispersion compensator 55. 

[0029] In addition, in drawing 1 , although he is trying to use the electrical potential difference 
generated by the current source, criteria resistance, etc. with the dispersion compensator 55, it 
is clear that the source of a constant voltage may be used. 

;] The gestasi of operation of the 2nd of this invention is expla ed refer? o,c 

Drawing 2 Is a current potential converter in the gestalt of the 2nd operation, drawing 2 

setting — SI — a photo detector and 62 — for the gate, the MOS transistor for [ 85 j the 
comparison for dispersion amendment in a dispersion compensator and 88, and 67, as for the 
criteria resistance for dispersion amendment and 69, a current source and 68 are [ an 
op 1 el ot a v -rd 63 /" an MOS transistor and 64 / the source of a good transformation 
style and 181 j reference voitages. As compared with the gestalt of the 1st operation, it differs 
in that a current source 69 is adjustable. 

{0031] Thus,, about the constituted current potential converter, the actuation Is explained below, 
'e'ot - 'o „ , g s as - s't of operation. 

Fundan I v they are *n operational amplifier 62 and the current potential converter of 
the negative feedback mold which used MOS transistor 63. Dispersion in the resistance of MOS 
transistor 83 used in a non-saturation region Is a technical problem. This invention is controlling 
the gate voltage of MOS transistor 63 and MOS transistor 66 by comparing the potential 162 
generated by passing the current value of a current source 67 to MOS transistor 66 of the same 
configuration as MOS transistor 63 for the dispersion amendment with the potential 163 

v ce 09 of a good t ar c <- ! 

with the dispersion compensator 65 to become the same resistance as the criteria resistance 88 
about the resistive characteristic of MOS transistor 63. It Is possible to make by this, the 
potentia 183 genera ed s the cr e ia res sts r o sou se 69 of a good 

transformation style here fluctuate, although transfer characteristic dispersion of a current 
potential converter can be reduced. Since negative feedback starts so that the potential 182 

5 of a current 5 58 may 

become the same as potential 163 on the other hand, it is possible to increase or decrease the 
resistance of MOS transistor 63 and MOS transistor 66 by controlling the source 83 of a good 



transformation style, and the multiple-value change of the transfer characteristic of a result and 

c • e * ' *- ' ; s v« te 
[0033] in addition, in drawing 2 , although he is trying to use the electrical potential difference 
generated by the current source, criteria resistance, etc. with the dispersion compensator 65, it 
is clear that the source of a constant voltage may be used 

[0034 T p i of > e 3rd o* this invention is explained re r e> ing * 

wing 2 is a cu ote convert t l >f i 

- 81 — a photo detector and 62 — for an operational amplifier and 83, as for a current source 
and 88, the gate, the MOS transistor for [ 85 ] the comparison for dispersion amendment in a 
dispersion compensator and 66, and 87 is [ an MOS transistor and 84 / the temperature 
characteristic of the criteria resistance for dispersion amendment and 69 ] the controllable 
sources of a good transformation style programmably. As compared with the gestalt of the 2nd 
operation, the points which can control the temperature characteristic of the source 89 of a 
good transformation style differ. 

[0035] Thus, about the constituted current potential converter, the actuation is explained below, 
rotor -rig to -/ za>t of operation, 

[30 C - jo i ^ i y they art *n ocetat.ora! ampler 62 and the current potential converter of 
the negative feedback mold which used MOS transistor 83. Dispersion in the resistance of MOS 
transistor 83 used in a non-saturation region is a technical problem. This Invention Is controlling 
the gate voltage of MOS transistor 63 and MOS transistor 66 by comparing * bal 162 
generated by passing the current value of a current source 67 to MOS transistor 68 of the same 
configuration as MOS transistor 83 for the dispersion amendment with the potential 183 
generated by passing the source 89 of a good transformation style to the mhebn rosi.Uar.ee 63 
with the dispersion compensator 85 to become the resistance of the same request as criteria 
resistance about ON resistance of MOS transistor 63. Since negative feedback starts so that, 
the potential 1 62 generated by passing the current value of a current source 87 to MOS 
transistor 88 by making the potential 163 generated by passing to the criteria resistance 88 by 
fluctuating the source 69 of a good transformation style here fluctuate may become, the same 
although transfer characteristic dispersion of a. current potential converter can be reduced by 
this, it is possible to increase or decrease the resistance of MOS transistor 83 and MOS 
transistor 66. furthermore, if the temperature characteristic of the criteria resistance 68 does 
not have nothing, the temperature characteristic of the source 69 of a good transformation style 
will generate potential 183, and as a result, the resistance of MOS transistor 53, i.e., the 
temperature characteristic of the transfer characteristic of a current potential converter can 
rea \ze a current poter I ai cm verier wuh i s to sfe chars to is c wh >- 
temperature, if the temperature characteristic of the source 68 of a good transformation style is 
abolished, since the temperature characteristic of the source 69 of a good transformation style 
occurs. Conversely, if the temperature characteristic of the source 69 of a good transformation 
style is abolished, it is clear that the temperature characteristic of the criteria resistance 68 can 
obtain as the temperature characteristic of the transfer characteristic of a current potential 
converter, and a current potential converter with the tempe sture c sracte tic of arbitrate 
can be realized easily. 

} f j gh he is trying torn I t C e 

generated by the current source, criteria resistance, etc. with the dispersion compensator 65. It 
is clear that the source of a constant voltage may be used. 

[0053] It is also still clearer to MOS transistors 53 and 63 used as a resistor In the gestalt of 
each above-mentioned operation that the complementary-type n t which c bi 1 e 
5 h< ^ < - 1 i the H channel transistor 72 5 , i may I s«d 

[0030] 

[Effect of the Invention] According to the current potential transducer according to claim 1, 
since an MOS transistor is used as a resistor, a chip size is not increased as compared with the 
conventional example, but regulation capacity of resistance can be made small, and, moreover, a 
dispersion compensator can amend dispersion in the resistive characteristic of an MOS 



[0040] In order to change the signal current Into m electrical potential difference according to 
the current potential converter according to claim 2, For example, It constitutes from a negative 
feedback circuit using the IV! OS transistor as a resistor as an inversed amplifier using an 
operational amplifier, A means to detect dispersion in the resistance of an MOS transistor in 
order to press down dispersion in the current potential transfer characteristic, and its dispersion 
are detected The Jispersion width efface of an MOS transistor can be controlled by returning 
ie am Fied erro gna 'o t gate of i MOS t ns sto z * a est c _ o - 
and dispersion in the current potential transfer characteristic of a current potential converter 
can be controlled. For this reason, in a required current potential transducer, a chip size is not 
increased and high conversion resistance-can also make parasitic capacitance of a resistor small 
as compared with the usual diffused resistor. 

[0041] According to the current potential converter according to claim 3, there is the same 
effectiveness as claim 2, 

[0042] According to the current potential transducer according to claim 4. it is possible for the 
resistance of an MOS transistor to be easily changed by changing reference level in a means to 
detect dispersion in the resistance of an MOS transistor besides the same effectiveness as 
claim 2 or claim 3. The change of reference level can realize a current potential converter 
machine with the change of the highly precise and highly efficient current potential transfer 
characteristic by it being comparatively easy and multiple-value -king a change, 
10043] While changing the resistance of an MOS transistor by charge ■ • mce level which 
can he set as the temperature characteristic o* arbrt* at o ^ j n the 

resistance of an MOS transistor besides the same effectiveness as claim 4 according to the 
current potential transducer according to claim S, the temperature characteristic of the current 
potential transfer characteristic is controllable. The change of reference level is comparatively 
easy and the current potential transfer characteristic can be changed by multiple-value-izing a 
change. 

[0044] Moreover, if the so-called band gap circuit for which the reference level which can be set 
as the temperatur e characteristic of arbitration is also used in iCHzed circuit Is used, it can 
realize comparatively easily. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing J j It Is the circuit diagram of the gestalt of operation of the 1st of this invention. , 

[Orsv 2 \ It is the c c - diagra n of the gestalt of the 2nd operation, 

a 3j t sthec it diagram of the mpiem tar, type component * ch sod t s MOS 

transistor of the H channel used as a resistor, and a P channel, 

P g 4] It is the - a S en 1 t pot a! convei 

I w ,g 5] It is the property Fig. of the current potential converter in an optical disk application, 



t Is the circuit diagram of other conventional current potential converters 
[Drawing 7] furthermore, it is the circuit diagram of other conventional current potential 
converters. 

[Description of Notations] 

51 Photo Detector 

52 Operational Amplifier 

53 MOS Transistor 

54 Gate 

55 Dispersion Compensator 
58 MOS Transistor 

57 Current Source 

58 Criteria Resistance 

59 Current Source 
151 Reference Voltage 

61 Photo Detector 

62 Operational Amplifier 

63 MOS Transistor 

64 Gate 

65 Dispersion Compensator 
88 MOS Transistor 

6? Current Source 

68 Criteria Resistance 

BB Source of Good Transformation Style 

181 Reference Voltage 
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